We evaluated the variations in some serum constituents in a group of healthy young men for two selected time intervals:
was seen to be statistically significant only for acid phosphatase, while all of the 18 serum constituents except for sodium, calcium, and albumin demonstrated a statistically significant subject-day interaction.
For the within-hour biologic variation, a three-way ANOVA model was used to analyze results of duplicate serum samples drawn at 1100 h and 1130 h on two different days. Although a significant main effect of hour was found only for total lipids and alkaline phosphatase, pooling the main effect of hour, subject-hour interaction, and subject-day-hour interaction terms resulted in a chemically significant variation for potassium, total protein, albumin, iron, total lipids, cholesterol, and bilirubin. The relationship of these biological fluctuations is compared to the expected analytical variation in all cases. we looked at the changes occurring over a 6-h period of time (1 ), the effects of diet and exercise (2 ) , and the effects of prolonged tourniquet application and postural stresses (3). Al-though the 6-h period of time may be relevant for the clinician who sees ambulatory patients during a working day, the physician who follows the laboratory values of a patient during the course of a hospital stay is more interested in the changes occurring over a one-or two-week period at intervals of two to three days between blood sampling. The clinical chemist, in trying to minimize the variation of time-of-day on the laboratory values he produces, can usually ensure that blood drawing will take place during 1 or 2 hours, e.g., in the morning before breakfast. The former time period we designate "short-term day-today" and the latter we call "within-hour".
In this study we sampled blood during a two-week period, to assess short-term day-to-day changes, and we analyzed results taken over a 30-minute time interval to determine the within-hour changes. The volunteers used in this study were the same subjects on whom we have previously determined within-day changes occurring over a 6-h period (1).
Methods and Materials

Selection of Subjects
Eleven volunteers took part in the study. 
Processing of Samples
After an overnight fast the students arrived at the school where they began their usual daily activities.
The subjects remained fasting with the exception of an optional cup of coffee or tea in the morning. Although many of the students walked or cycled to school, the subjects did not undergo any strenuous exercise during the course of the day. They followed their normal daily activities of attending classes.
They were in a sitting position for 60 mm before blood was drawn at 1100 h. On two of the days (six days apart) they remained in a sitting position after the 1100 h venipuncture until 1130 h, when a second blood specimen was drawn by the same technologist.
The specific venipuncture procedure was presented in the companion paper in this series (3 ). The same blood-drawing routine was repeated on five different days at the same time of day (1100 h). For each venipuncture session the order in which the subjects had their blood drawn was randomized. 
Statistical Methods
Short-term day-to-day variation:
The results of the assays on the 1100-h serum samples of all five days for all 1 1 subjects were used in this analysis. In order to determine the biological day-to-day variation, it was necessary to use a two-way analysis of variance model that partitioned the total variation (excluding analytical variation) into the main effect of subject, the main effect of day, and the subjectday interaction.
The first term (main effect of subject) gives the inter-subject variation, while the sum of the last two terms allows us to estimate the day-to-day variation.
The The mathematical model underlying the analysis is the following: The observed quantity value for the k th replication of the i th subject on the j th day at the mth hour (k =1,2; i 1,12; j =1,2; m =1,2) is Xjjmk Fig.2a and 2b . Left, the main effect of time (hour). Right, the main effect of day
In both cases, vakies are presented for two subjects. on two days, and at two times-of-day Fig. 2c and 2d . Left, the effect of subject-time (subjecthour) interaction. Right, the effect of subject-day interaction in the frames a to f of Figure 2 .
The main effect of time of day (hour) is illustrated in Figure 2a . The values at 1130 h are greater than those at 1 100 h. The magnitude of this difference is the same for both subjects and for both days. In Figure 2b is shown the main effect of day, i.e., the same effect of day in both subjects and on both times of day. The subject-time (subject-hour) interaction is shown in Figure   2c . For each subject the effect of time of day is the same on both days. The difference seen is that intrinsic to the subjects. Thus subject-time (subject-hour) interaction is interpreted to mean that each subject has his unique diurnal pattern.
The subject-day interaction is shown in Figure  2d . By the same reasoning this interaction is interpreted to mean that the daily level
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ANOVA Expressed as Coefficients of Variation
variation in the other subject. Figure 2f illustrates 
(in percent)
the significance of the day-time (day-hour) interac-
tion.
In this case on a given time (hour) and day the tive variation in subject mean values among the students was most dramatic for the serum enzymes alanine aminotransferase, aspartate aminotransferase, and alkaline phosphatase, and for the metabolites urea, bilirubin, iron, and total lipids. It is least for the serum electrolytes and albumin. Table 2 gives the results of the two-way ANOVA. The intersubject variation as represented by the main effect of subject and the day-to-day variation (consisting of main effect of day and the subject-day interaction) are presented in terms of coefficients of variation. As noted in Table   2 , a statistically significant main effect of day was found only for acid phosphatase.
The mean values for acid phosphatase (11 duplicate pairs of values per day) increased from day one to day five (3 ). For most of the consitutents-with the exceptions of acid phosphatase, urea, bilirubin, and creatinine-the main effect of day was negligible; in fact, for 11 of the variates the estimated mean-square term of the twoway ANOVA was negative. The subject-day interaction term was statistically significant in all cases except for chloride, albumin, and creatinine. The subject-day interaction variation in terms of coefficients of variation was over 20% for iron, alanine aminotransferase, aspartate aminotransferase, and bilirubin, and approximately 10% for urea, total lipids, acid phosphatase, and uric acid.
Within-hour variation:
A partial summary of the results of the three-way ANOVA is presented in Table 3 . In this table the total within-hour variation (the sum of the main hour effect, the subject-hour interaction, and subject-day-hour interaction) can be extracted, and the day-to-day variation can be derived from the subject-day interaction term and the main effect of day. A significant subject-day interaction, reflecting the biological day-to-day variation, was found for all constituents except sodium, chloride, creatinine, and albumin. A significant main effeet of hour was observed for total lipids and alkaline phosphatase.
In both instances the mean values decreased from 1100 h to 1130 h, being 5.07 g/liter and 4.92 g/liter, respectively, for total lipids, and 51.2 UI liter and 50.0 U/liter for alkaline phosphatase.
None of the subject-hour interactions were statistically significantly different from zero for any of the constituents.
A significant three-factor interaction (random biologic fluctuations) was found for potassium, total protein, albumin, iron, total lipids, cholesterol, and bilirubin. The three-factor interaction was particularly pronounced for iron. Figure  3 illustrates the magnitude of the three-factor interaction for iron for three of the subjects.
As indicated above, the main hour effect, the subject-hour interaction, and the subject-day-hour interaction terms of the three-way ANOVA were pooled to give the total within-hour variation. In Table 4 Therefore, we elected to study the short-term day-to-day variation, i.e., the biologic variation occurring in a much shorter time span. Although most of the serum constituents in the individual subjects showed a high degree of variability as a function of day (subject-day interaction), a statistically significant main effect of day was only demonstrated for serum acid phosphatase.
The most likely explanation of the latter finding is that there was a decreasein acid phosphatase activity in the samples during storage.
The mean day-to-day biological variation was derived from the sum of the main day effect and the subject-day interaction term of the two-way ANOVA. In most cases the mean day-to-day variation is of the same order of magnitude as the subjectday interaction. The major exception is serum acid phosphatase,for which we may have confounded the biological day-to-day variation with part of the analytical variation.
The negative values for the estimated main day effect terms of the two-way ANOVA probably resulted from the fact that our total number of observations
(1 1 subjects, 5 days) was relatively small; the actual value of the main day effect is most likely very close to zero.
The within-hour biological variation is probably the shortest time period to which the total biological variation can be practicably minimized. In the clinical situation it would be difficult routinely to obtain blood samples over a shorter period of time than 30 mm; therefore, we decided to quantify the magnitude of the biological variation taking place within this time interval. The three-way ANOVA was necessary to exclude the variations occurring from day to day from the within-hour interval. It is worth noting that the consitutents in which the three-way interaction (subject-day-hour) was significant are the same constituents for which we have previously demonstrated a significant effect of prolonged tourniquet application (3). This suggests that the random biological variation is partly assignable to variability in the sampling procedure and therefore could be decreased if the venipuncture procedure is more rigorously controlled.
The relationship between biological and analytical variation will depend on the clinical situation one chooses to study. The purpose of this study has been to quantify the time-dependent biological variations occurring over two different time periods: short-term day-to-day and within-hour.
We deliberately minimized the analytical error by analyzing all the samples at one time, so as best to appreciate even minimal biological variations. The magnitude of the longterm analytical error may tend to overshadow some of the statistically significant biological day-to-day variations.
Ideally the order of magnitude of the bio..
logical day-to-day fluctuations should be compared 
